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I n t r o d u c t i o n 
The Lake Mead Monitoring Program has continued to develop 
information on the limnological condition of Lake Mead. We have 
significantly increased our analytical capabilities this year by 
developing a cooperative project with the U.S. Bureau of Reclamation 
and continuing our cooperative program with E.P.A. We also were able 
to derive significant benefit from the reviews of the Pollution Abatement 
Project written by Clair Sawyer and Charles Goldman. Partially as a result 
of these reviews we have had the opportunity to interpret and more fully 
explain the significance of our work to a wider public audience than would 
otherwise have been possible. 
Among the important issues that have been of primary interest this 
year are: 
1. The significance, extent and effect on nutrient distribution of 
a density current from Las Vegas Wash. 
2. The significance of lake level on algal abundance and productivity 
in Las Vegas Bay. 
3. The probably effects of the AWT plant on algal abundance and 
productivity in Las Vegas Bay. 
This report more fully explains the data available on the density 
current and shows that the current becomes completely dissipated and mixed 
with waters of Las Vegas Bay, usually within the middle portion of the Bay. 
The influence of lake level on algal abundance is also examined with 
evidence supporting a hypothesis that higher lake levels result in lower 
algal populations. While we do not have accurate data on water 
volumes in Las Vegas Bay at various lake levels, rough calculations 
suggest that rising lake levels since 1972 have in fact resulted in 
a greater dilution of the inflowing nutrients from Las Vegas Wash. In 
effect the higher water levels have probably resulted in improved 
conditions in the lake because the nutrient inflows have actually become 
increasingly diluted in Las Vegas Bay since 1972. This is basically the 
same effect that would result by removing nutrients from an inflowing 
stream if lake level remained stable. 
A series of bioassays were performed to attempt a reasonable 
prediction of the probable effects of phosphorous removal on algal 
growth in Las Vegas Bay. Because of a number of variables, we did not 
obtain a quantitative estimate of the effect of phosphorous removal on 
algal growth in the bay. We did demonstrate however that reduction in 
phosphorous inflow will result in reduction of algal growth in Las Vegas 
Bay, if the bioassay procedures have approximately simulated conditions in 
Las Vegas Bay. Additional experimentation is necessary to approach a 
quantitative model of the effects of phosphorous removal on algal 
production in Lake Mead. 
Again we believe the value of the monitoring program has been 
demonstrated. Without the long-term data base provided by the Lake 
Mead Monitoring Program, the public discussion that has resulted from the 
interest created by AWT construction would have been forced to rely on 
short-term investigations, interpretation by interested and concerned 
laymen or emotional argument by individuals or organizations with special 
interests. 
3 . 
Methods 
Physical-Chemical Measurements 
Temperature, dissolved oxygen, conductivity, and pH were measured 
in situ with a Model II A Mater Quality Analyzer (Hydrolab Corporation) 
in five meter intervals at Stations 2-4 (Figure 1). Vertical light 
profiles were taken at these stations with a Kahlsico Submarine Photometer. 
Water samples were taken at Stations 1-4 at various depths with a 
3 liter Van Dorn water sampler for nutrient analysis. The samples were 
preserved with mercuric chloride and analyzed for total phosphorus, 
dissolved phosphorus, ammonia nitrogen, nitrite-nitrate nitrogen, Kjeldahl 
nitrogen, and total alkalinity. Nutrient analyses were performed by the 
Land and Mater Monitoring Branch of EPA, Las Vegas, Nevada. 
At Station 1 (North Shore Road) in situ measurements of temperature, 
dissolved oxygen, conductivity, and pH were taken. A 1 liter water 
sample was taken and returned to the laboratory for analysis of suspended 
solids, methylene blue-active substance (MSAS), biological oxygen demand 
(BODg), chemical oxygen demand (COD), and turbidity. All analyses except 
for BOD and turbidity were based on procedures in Standard Methods for 
the Examination of Waste and Waste Water, 13th ed. (American Public 
Health Association, et al., 1971). BOD's were determined with a Hach 
Model 2173 BOD apparatus. Turbidity was determined using Hach Model 
2100A Turbidimeters. 
Coliform Bacteria 
Bacteria samples were collected at Station 1 and at Station 2 
F i g u r e 1. L o c a t i o n of s a m p l i n g s t a t i o n s in the B o u l d e r B a s i n 
(surface and bottom) for coliform enumeration. Water samples were taken 
with a 3 liter Van Dorn water sampler and transferred to sterilized, screw-
cap, glass bottles, placed on ice, and delivered to the laboratory for 
enumeration of fecal and total coliforms by the Multiple-Tube Fermentation 
technique (American Public Health Association, et al., 1971). Five tubes 
were used for each dilution of 10, 5, 1, and 0.1 ml. Results are reported as 
most probable number (MPN). 
Phytoplankton 
A 1 liter Van Dorn water sampler was used to collect phytoplankton 
samples. Each sample was a combination of three separate one liter sub-
samples collected at surface, 5 meters, and 10 meters. Samples were pre-
served with Lugol's solution and refrigerated. Phytoplankton enumerations 
were made by the Land and Water Duality Branch of EPA. 
Chlorophyl1 
ChloroDhyll analyses were made on surface samples filtered through Watman 
GF/C filters. The filters were pretreated with MgCO^. The chlorophyll 
was extracted by grinding the filters in 10 ml of 90% acetone. Pigment 
concentrations were determined from formulas given in Parsons and Strick-
land (1963) using data obtained with a Coleman Junior Spectrophotometer. 
Primary Productivity 
Estimations of primary productivity were based on the carbon-14 
technique (Steeman Nielsen 1952) using modifications of Saunders et al. 
(1962). Light and dark bottles (Pyrex 125 ml) were filled with water collected 
at surface, 1, 3, 5, 7, and 10 meters. Additional samples were taken 
at these depths for determining alkalinity. Each Pyrex bottle was 
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spiked with 0.5-1 )jC of NaH C0^, suspended from a buoy at the depth of 
collection and incubated for a period of 4-5 hours. After incubation, the 
samples were returned to the laboratory in a light-proof box. The entire 
volume of water in the bottles were filtered through 0.45 )j Millipore filters 
and the residue on the filters were washed with 10-15 ml of a 0.005 N HCL, 
5% formalin solution. The filters were then placed in glass scintillation 
vials and dried in a dessiccator for 24 hours. A xylene-based liquid 
scintillation solution was added to the vials and the activity of the 
samples were determined with a Beckman LS-100 liquid scintillation system. 
The activity of the samples were converted to milligrams of carbon per unit 
area per day using methods and tables of Saunders et al. (1962). Calculations 
were based on total day length in August through February and, therefore, 
are over estimations. In March through July, a pyranometer was used in the 
field during the sampling period. Calculations were then based on langleys 
rather than total day length. 
Transmissometery and Chlorophyll 
The horizontal distribution of phytoplankton biomass (chlorophyll aj 
was examined by using a Martek Model XMS in situ Transmissometer. Continuous 
transects were made in Las Vegas Bay, Boulder Basin, Virgin Basin, and Lake 
Mohave with the transmissometer mounted on the boat at a depth of one meter. 
Mater samples pumped from the exact location of the transmissometer were 
taken during the transects and were analyzed for chlorophyll a^ Alpha values 
(the beam attenuation coefficient) were obtained with the 
transmissometer: 
Alpha = LN r^ 
where T is transmissivity (transmittance per meter). Alpha was correlated 
with chlorophyll a^  to quantify the results. 
Bioassays 
Algal bioassays were conducted on water samples collected from 
Boulder Basin (Station 6) and the inner bay (Station 2). A 16 liter sample 
was collected at a depth of 2 meters and filtered through a 1.25 }j plankton 
net to remove zooplankton. In the laboratory, 500 ml Delong culture flasks 
were filled (400 ml) with the filtered water. All flasks had previously 
been acid washed with dilute HC1, rinsed with distilled water, and 
autoclaved. 
Phosphorus, nitrogen, and a minor element solution with concentrations 
similar to those given in EPA (1971) were added to the culture flasks as 
shown in Table 1. Each nutrient addition (treatment) was carried out in 
triplicate. The culture flasks were then placed in a light box under 
p 
continuous flourescent illumination (40 microeinsteins/cm ). Temperatures 
were maintained at those approximating the water temperature when the 
water samples were collected. 
Algal growth was monitored with a Turner Model 111 Fluorometer using 
Table 1. Phosphorus (PO4-P) and nitrogen (N0--N) concentration used in bioassay. 
Three replicate flasks were used for each treatment. 
Treatment 
1. Lake water control 
2. Lake water + 0.005 mg/ P 
3. Lake water + 0.015 mo/ P 
4. Lake water + 0.050 mg/ P 
5. Lake water + 0.015 mg/ N 
6. Lake water + 0.050 mg/ N 
7. Lake water + 0.150 mg/ N 
8. Lake water + 0.005 mg/ P + 0. 015 mg/lN 
9. Lake water + 0.015 mg/ P + 0. 005 mg/lN 
10. Lake water + 0.050 mg/ P + 0. 150 mg/lN 
11. Lake water + 0.050 mg/ P + 0. 150 mg/lN + Minor elements 
filters for chlorophyll determinations (Lorenzen 1966). Fluorometric 
readings were taken twice a day for each flask. The cultures were 
monitored throughout the growth phase. The experiments were terminated 
after there was a marked decline in algal biomass. 
Results and Discussion 
Physical-Chemical Measurements 
Fall overture and winter temperatures were similar to those 
reported in previous years (Deacon 1976). The development of thermal 
stratification in April 1977 was more shallow than in previous years and 
resulted in a positive heterograde oxygen profile (Fig. 2) which had been 
observed in Lake Mead but not to the extent seen at this time. The factors 
resulting in the positive heterograde oxygen curve are very similar to 
those which result in the negative heterograde oxygen curve with only the 
location of thermal stratification in relation to photic zone being 
different (Czeczuga 1959). 
The positive heterograde oxygen profile occurred because the thermocline 
(area of greatest thermal gradient) was located within the photic zone 
(area where oxygen production on photosynthesis is greater than respiration 
resulting in a net production). Algae descending through the water column 
became concentrated along the thermocline because of the greater density 
of the cooler water. This concentration layer of phytoplankton, because 
it was within the photic zone, produced more oxygen than other areas in 
the water column resulting in higher oxygen levels or a positive heterograde 
oxygen profile. 
0 X Y G E N ( m g / ! ) ' 
Figure 2. Vertical distribution of temperature and dissolved 
oxygen at Station 4, 25 April 1977, showing the 
positive heterograde oxygen profile. Dotted line 
is the depth of the photic zone. 
The same factors are involved in producing the negative heterograde 
oxygen profile only the thermocline is located below the photic zone. 
Under these conditions, phytoplankton and other organisms concentrated 
at the thermocline are using oxygen through respiration because they are 
located below the photic zone. This results in lower metalimnetic oxygen 
levels and a negative heterograde oxygen curve. 
The positive heterograde oxygen curve was found throughout Las Vegas 
Bay and Boulder Basin in April. The formation of a positive heterograde 
oxygen curve in the spring does not in itself represent a marked improvement 
in conditions. The positive heterograde oxygen curve occurred because of 
warm weather with little or no wind resulting in thermal stratification 
between 3 and 5 meters. In May 1977, after a number of wind storms, the 
positive heterograde oxygen curve disappeared as thermal stratification was 
depressed due to mixing. In July 1977, the negative heterograde oxygen 
curve was again present. Minimun oxygen levels in the metalimnion were 
higher than in previous years and do show that improved conditions have 
occurred. 
Nutrient concentrations measured at North Shore Road (Station 1) and 
in Las Vegas Bay (Stations 2-4) are given in Table 2. Phosphorus and 
nitrogen concentrations at North Shore Road were lower than in previous 
years. In Las Vegas Bay, phosphorus concentrations were generally higher 
than in previous years, whereas nitrogen concentrations were lower. 
It is not known if there was an actual increase in phosphorus concentrations 
in Las Vegas Bay. There has been minor changes in EPA nutrient analysis 
procedures (personal communication Eric Bretthauer, Methods, Development, 
and Analytical Support Branch, EPA) and the reported higher levels may have 
Table 2. Nutrient concentrations in mg/1 at station 1-4, August 1976 through June 1977. Total P = total 
phosphorus; Diss-P = dissolved phosphorus; NH^-N = anmonia nitrogen! Nt^+NOg = nitrite plus nitrate nitrogen; 
TiC! = total KjeHahl nitrogen; Total Alk = total alkalinity. 
S T A T I O N 1 
Date Depth T o t a l - P 
JtMllUI'l )
D i s s - P NH3-N N O 2 + N O 3 TKN T o t a l 
19 Aug 76 0 3.44 2.82 0.06 4.38 0.9 580 
28 S e p t 76 0 3.63 3.08 0.32 7.58 1 . 3 395 
28 Oct 76 0 3.35 3.01 0.26 8.56 1 .1 -
30 Nov 76 0 3.16 3.13 2.22 11.20 1. 9 175 
28 Dec 76 0 3.62 2.92 0.90 11.20 1 . 2 174 
31 Jan 77 0 4 . 3 6 3.95 2.80 9.76 2.7 195 
25 Feb 77 0 3.52 3.11 1.16 8.90 1 . 4 1 93 
29 M a r 77 0 3.70 2.43 0.04 0.32 1 . 5 181 
25 A p r 77 0 3.96 3.55 0.07 3.72 1. 1 200 
31 May 77 0 3.99 3.95 0.30 6.34 0.4 214 
23 Jun 77 0 3.60 2.64 0.14 4.30 1 . 0 202 
Table 2 . ( c o n t i n u e d ) 
STATION 2 
Date Depth T o t a l - P Diss-P 
19 Aug 76 0 0.104 0. 034 
10 0. 503 0 . 4 1 9 
28 Sep 76 0 0. 075 0. 064 
10 0 . 1 1 6 0. 074 
28 Oct 76 0 -
10 0. 086 0. 063 
30 Nov 76 0 0.071 0. 038 
10 0. 067 0. 047 
28 Dec 76 0 0. 031 0. 017 
10 0. 048 0. 012 
31 Jan 77 0 0.051 0. 028 
10 0. 064 0. 038 
25 Feb 77 0 0. 074 0. 060 
10 0. 073 0 . 0 5 6 
29 Mar 77 0 0. 041 0. 044 
10 0. 056 0. 022 
( 
NH..-N N O ^ + N O o TKN Total ALK 
0. 04 
0. 02 
0. 02 
0. 06 
<.02 
0. 54 
0. 05 
0. 07 
0.9 
0.8 
0. 7 
0.5 
106 
127 
11 2 
11 5 
0. 045 
0. 043 
0. 05 
0. 04 
0.05 
0. 06 
0. 03 
0. 03 
0. 04 
0. 02 
0.11 
0 . 1 2 
0.22 
0. 20 
0. 30 
0. 30 
0. 37 
0.31 
0. 27 
0. 21 
0.8 
0.5 
0.3 
0.3 
0.2 
0.6 
0.4 
0.4 
0.3 
0.3 
0.3 
118 
125 
123 
126 
1 36 
1 34 
1 38 
140 
1 57 
T a b l e 2 . ( c o n t i n u e d ) 
STATION 2 . ( c o n t i n u e d ) . 
D a t e Depth T o t a l - P D i s s - P NH^-N N O 2 + N O 3 TKN Total A L K 
25 A p r 77 0 0 . 0 8 9 0 . 0 5 3 <.02 0.02 0.6 116 
10 0 . 3 6 6 0.231 0.05 0.42 0.6 131 
18 M a y 77 0 0 . 0 9 6 0 . 0 6 6 <.02 0.17 0.3 126 
10 0 . 6 4 0 0 . 5 5 0 0.03 0.77 0.5 145 
31 M a y 77 0 0 . 1 2 8 0 . 1 5 7 0.03 0.24 0.2 128 
10 1.02 1.01 0.13 0.91 0.5 159 
22 Jun 77 0 0.097 0 . 0 2 8 3.02 <.02 0.5 117 
10 0 . 9 0 0 0 . 6 8 0 0.05 0.60 0.7 150 
Tab le 2 . ( c o n t i n u e d ) 
STATION 3 
Date Depth T o t a l - P Di ss-P 
19 A u g 76 0 0. 048 0. 025 
10 0. 052 0. 023 
20 0. 049 0. 039 
30 0. 082 0. 075 
40 0. 080 0. 073 
28 Sep 76 0 0. 060 0. 025 
10 0. 057 0. 023 
20 0 . 1 3 5 0 . 1 0 2 
30 0.1 98 0 . 1 6 9 
40 0 . 1 1 8 0 . 1 1 3 
28 O c t 76 0 0. 070 0. 030 
1 0 0. 067 0. 029 
20 0. 070 0. 030 
30 0.1 31 0. 093 
40 0. 086 0. 064 
30 Nov 76 0 0. 038 0. 026 
10 0. 044 0. 023 
20 0. 045 0. 023 
30 0. 047 0. 024 
40 0.057 0. 030 
NH^-N N O 2 + N O 3 TKN Total A L K 
<.02 <.02 
<.02 <.02 
<.02 0.30 
<.02 0.41 
0.03 0.42 
0.02 <.02 
<.02 <.02 
0.03 0.18 
0.02 0.61 
0.02 0.46 
0.03 0.05 
0.05 0.04 
0.03 0.07 
0.08 0.44 
0.02 0."2 
0.04 0.12 
0.04 0.12 
0.05 0.12 
0.05 0.12 
0.05 0.15 
0.5 109 
0.5 109 
0.4 1 36 
0.3 140 
0.4 1 39 
0.4 11 6 
0.4 118 
0.4 122 
0.5 152 
0.4 151 
0.5 1 32 
0.5 120 
0.5 111 
0.4 106 
0.5 1 31 
0. 3 119 
0.3 121 
0. 3 123 
0.2 1 23 
0.2 11 9 
Table 2 . ( c o n t i n u e d ) 
STATION 2. ( c o n t i n u e d ) . 
Date Depth T o t a l - P D i s s - P NH^-N N O p + N O ^ TKN Total 
28 Dec 76 0 0 . 0 2 3 0. 01 2 0. 04 0. 22 <.2 1 26 
10 0. 023 0. o n 0. 04 0.22 <.2 122 
20 0. 022 0 . 0 1 0 0. 04 0.21 <.2 121 
30 0. 024 0. 011 0.04 0.21 <.2 123 
40 0. 244 0. 220 0. 09 0. 86 0 . 2 1 28 
31 Jan 77 0 0. 037 0. 026 0. 02 0. 29 0.3 129 
10 0. 037 0. 023 0. 02 0. 29 0.2 130 
20 0. 033 0. 020 <.02 0. 29 <.2 138 
30 0. 037 0. 018 <.02 0. 29 <.2 129 
40 0. 033 0. 024 0. 02 0. 30 <.2 1 33 
25 Feb 77 0 0. 042 0. 034 0. 03 0.31 0.3 140 
10 0. 042 0. 032 0. 03 0.31 0.3 1 36 
20 0. 042 0. 027 0. 03 0. 30 0.3 136 
30 0. 051 0 . 0 3 5 0. 03 0. 32 0.3 136 
40 0. 052 0. 034 0. 03 0. 32 0.3 1 37 
29 M a r 77 0 0. 022 0. 023 0.03 0.25 <.2 1 30 
10 0. 024 0 . 0 2 7 0. 03 0.26 <.2 133 
20 0. 033 0. 033 0. 03 0 . 2 8 <.2 1 32 
30 0. 037 0.041 0. 03 0.31 <.2 131 
40 0.064 0. 033 0. 03 0.1 9 <.2 -
Table 3. ( c o n t i n u e d ) 
STATION 3 . ( c o n t i n u e d ) . 
Date Depth T o t a l - P Diss-P NH^-N N O p + N O g TKN Total 
25 A p r 77 0 0 . 0 1 9 0 . 0 1 4 <.02 0.02 0.6 11 5 
10 0.023 0. 0 1 6 0.05 0.23 0.4 129 
20 0 . 0 4 6 0.032 0.04 0.28 0.3 130 
30 0 . 1 7 8 0.164 0.04 0.47 0.4 1 32 
40 0 . 1 4 9 0 . 1 3 8 0.03 0.47 0.4 1 33 
18 M a y 77 0 0 . 0 3 3 0 . 0 1 8 <.02 0.13 0.3 129 
10 0 . 0 3 9 0 . 0 2 5 0.03 0.14 0.4 128 
20 0 . 0 9 0 0 . 0 7 8 0.04 0.33 0.4 136 
30 0 . 0 7 9 0.067 0.03 0.39 0.3 1 35 
40 0 . 0 4 8 0.044 0.02 0.36 0.3 138 
31 May 77 0 0 . 0 4 0 0 . 0 4 0 0.03 0.03 0.3 133 
10 0.017 0 . 0 1 3 0.03 0.10 0.6 1 39 
20 0.304 0 . 2 7 5 0.15 0.42 0.7 148 
30 0 . 1 5 0 0 . 1 3 5 0.08 0.40 0.6 146 
40 0 . 0 6 6 0 . 0 6 3 0.04 0.39 0.5 147 
22 Jun 77 0 0.027 0.012 <.02 <.02 0.4 11 5 
10 0.164 0 . 1 5 3 <.02 0.14 0.4 126 
20 0.142 0.142 <.02 0.40 0.3 1 32 
30 0.093 0.091 0.02 0.44 0.9 1 34 
40 0 . 1 3 0 0 . 0 6 0 0.03 0.41 0.7 1 37 
Table 2 . ( c o n t i n u e d ) 
STATION 4 
Date Depth T o t a l - P Diss-P 
19 Aug 76 0 0. 031 0 . 0 1 6 
10 0. 029 0. 01 3 
20 0. 022 0 . 0 0 8 
30 0. 021 0. 014 
40 0. 053 0. 045 
90 0. 038 0. 033 
28 Sep 76 0 0. 029 0 . 0 1 7 
10 0. 029 0 . 0 1 2 
20 0. 035 0. 018 
30 0. 026 0. 01 5 
40 0. 031 0. 024 
90 0. 032 0. 024 
28 Oct 76 0 0. 036 0. 024 
10 0. 067 0 . 0 1 9 
20 - -
30 0. 033 0 . 0 1 5 
40 0.031 0. 01 9 
30 Nov 76 0 0. 033 0 . 0 1 7 
10 0. 030 0. 01 2 
20 0. 030 0.014 
30 0. 035 0 . 0 1 6 
40 0. 040 0. 027 
NHg-N N O p + N O g TKN Total A L K 
0.11 <.02 
<.02 <.02 
0.03 0.32 
<.02 0.37 
0.02 0.42 
0.02 0.41 
0.02 <.02 
<.02 <.02 
<.02 0.04 
<.02 0.32 
<.02 0.42 
<.02 0.41 
0.07 0.05 
<.02 0.04 
0.02 0.04 
<.02 0.38 
0.04 0.18 
0.04 0.18 
0.06 0.19 
0.05 0.18 
0.05 0.33 
0.5 109 
0.4 109 
0.5 130 
0.4 131 
0.2 141 
0.4 142 
0.5 1 24 
0.4 125 
0.5 125 
0.4 149 
0.4 151 
0.4 1 54 
0.6 1 32 
0.6 1 08 
0.5 110 
0.5 115 
0.2 121 
0.2 125 
0.2 1 27 
0.2 125 
0.2 1 30 
Tab le 2 . ( c o n t i n u e d ) 
S T A T I O N 4 . ( c o n t i n u e d ) . 
Date Depth T o t a l - P Diss-P NH3-N N O 2 + N O 3 TKN Total 
28 Dec 76 0 0. 024 0 . 0 1 7 0.04 0.24 0.2 1 32 
10 0.021 0 . 0 1 3 0.04 0. 23 <.2 127 
20 0.021 0. 01 2 0.04 0.23 <.2 1 39 
30 0. 020 0.01 0 0. 04 0.23 <.2 1 24 
40 0 . 0 2 0 0. 011 0. 04 0.23 <.2 164 
31 Jan 77 0 0. 036 0.024 < . 0 2 0. 30 <.2 129 
10 0. 038 0. 024 <.02 0.30 0.5 129 
20 0. 035 0. 025 0. 02 0. 30 <.2 129 
30 0. 036 0. 024 0. 02 0.30 <.2 129 
40 0. 037 - 0.03 0.30 <.2 1 27 
28 Feb 77 0 0. 030 0 . 0 1 8 < . 0 2 0.27 0.3 138 
10 0. 029 0. 021 < . 0 2 0.28 0.2 137 
20 0. 031 0. 01 9 < . 0 2 0.29 0.2 1 37 
30 0. 025 0.017 0. 02 0. 31 <.2 1 38 
40 0. 027 0. 020 0. 02 0. 31 <.2 1 37 
23 Mar 77 0 0. 038 0. 01 6 0. 02 0. 23 0.4 1 32 
10 0. 035 0. 01 6 <.02 0.28 0.4 1 39 
20 0. 028 0 . 0 2 2 <.02 0.30 0.2 134 
30 0. 023 0. 031 0. 02 0. 31 0.2 1 33 
40 0. 027 0. 026 0. 02 0.31 0.2 1 39 
Table 29. ( c o n t i n u e d ) 
STATION 29. ( c o n t i n u e d ) . 
Date )epth T o t a l - P Diss-P NH^-N N O 2 + N O 3 TKN Total 
0 0.013 0.012 <.02 0.09 0.2 121 
1 0 0.015 0 . 0 0 8 <.02 0.19 0.3 128 
20 0.011 0 . 0 0 6 0.02 0.25 <.2 1 32 
30 0 . 0 2 9 0 . 0 1 8 <.02 0.32 <.2 141 
40 0.033 0 . 0 2 7 <.02 0.36 <.2 1 38 
70 0 . 0 4 0 0.034 <.02 0.40 <.2 135 
0 0.012 0 . 0 1 2 <.02 0.15 0.2 1 30 
10 0 . 0 1 3 0 . 0 1 3 <.02 0.16 0.2 1 34 
20 0.011 0.011 0.03 0.28 <.2 139 
30 0.036 0 . 0 2 9 <.02 0.35 <.2 1 36 
40 0 . 0 2 6 0.024 <.02 0.36 <.2 136 
70 0.027 0 . 0 2 3 <.02 0.37 <.2 135 
0 0.015 0 . 0 1 4 0.02 0.06 0.4 1 39 
10 0 . 0 3 2 0 . 0 1 0 0.03 0.07 0.4 1 37 
20 0 . 0 1 0 0 . 0 0 9 0.04 0.22 0.4 129 
30 0.030 0 . 0 2 7 <.02 0.35 0.4 1 33 
40 0 . 0 3 8 0 . 0 3 6 <.02 0.38 0.4 1 33 
70 0 . 0 3 5 0 . 0 3 3 <.02 0.39 0.4 135 
0 0.017 0.012 <.02 <.02 0.3 1 22 
10 0 . 0 1 6 0 . 0 1 0 0.02 0.04 0.4 125 
20 0.012 0 . 0 1 0 0.04 0.27 0.3 129 
30 0.017 0 . 0 1 7 0.02 0.35 0.2 133 
40 0 . 0 3 6 0 . 0 2 8 <.02 0.37 0.3 1 33 
70 0.034 0.031 0.02 0.36 0.2 1 36 
25 A p r 77 
18 May 77 
31 May 77 
22 Jun 77 
r-j 
been due to changes in analytical procedures. As before, nutrient concen-
trations were higher in the inner bay because of nutrient enrichment from 
Las Vegas Wash. The same general pattern in the horizontal and vertical 
distribution of nutrients were seen in the 1976-77 period (as has been 
previously reported). 
Water quality parameters measured at Station 1 are given in Table 3. 
Coliform bacteria counts are given in Table 4. Biological oxygen demand 
(BOD^), chemical oxygen demand (COD), phosphorus, suspended solids, 
turbidity, and coliforms were again higher than recommended standards. 
Las Vegas Bay Density Current 
There has been considerable controversy as to the fate of the density 
current in Las Vegas Bay. The density current was discussed in the previous 
report (Deacon 1976) but apparently not in enough detail for everyone to 
have a complete understanding of the factors involved and, therefore, a 
further discussion is necessary. 
The distribution of the density current in Las Vegas Bay is interrelated 
with the thermal properties of the lake. The density of water is basically 
dependent on two factors: (1) the amount of total dissolved solids (TDS) 
present (the greater the TDS the greater the density of the water) and (2) 
water temperature (cooler water having a greater density than warm water 
down to a temperature of approximately 4°C). A warm monomictic lake, such 
as Lake Mead, is isothermal (uniform water temperatures throughout the 
water column) during the winter. The entire water body at this time is in 
a state of constant circulation, due to cooling surface temperatures and 
Table 3. Water quality standards measured at North Shore Road (Station 1), August 1976 - June 1977. 
Temp Dissolved BOD^ COD Suspended MBAs Total Turbid: 
Date °C pH Oxygen mg/1 mg/1 * mg/1 Solids mg/1 mg/1 Phosphorus mg/1 UTU 
19 Aug. 2210 8.0 8.2 3.0 67.9 342 0.10 3.44 93 
28 Sept. 21.0 8.0 8.5 10.0 114.9 800 0.10 3.63 150 
28 Oct. 15.0 - 10.2 4.0 56.3 500 0.05 3.35 100 
28 Dec. - - - 0 110.0 220 0.80 3.62 55 
31 Jan. 8.5 - 11.5 52 0 120 <.05 4.36 43 
25 Feb. 10.0 - 11.2 - 72.0 160 <.05 3.52 37 
29 Mar. 12.0 8.2 10.6 - 87.4 100 <.05 3.70 84 
26 April 21.0 8.0 8.9 25 - 350 0.05 3.96 84 
31 May 21.0 7.9 6.4 31 - 230 0.05 3.99 72 
23 June 23.0 7.9 8.7 20 0 738 <.05 3.60 140 
23. 
Table 4. Total and fecal coliforms in Las Vegas Mash Station 1 and Las Vegas Bay 
Station 2 surface (2S) and bottom (2B). August 1976-June 1977. 
Fecal Conforms Total Coliforms 
MPN 95% Confedence MPN 95% Confedence 
Date Station Index/lOTml Limits Index/lOOml Limits 
26 Aug. 1 16,000 6400-53,000 16,000 6400-5300 
2S 49 17-130 33 11-93 
2B 790 250-1900 790 250-1900 
26 Sept. 1 9200 3000-32,000 9200 3000-32,000 
2S 3500 1200-10,000 3500 1200-10,000 
2B 2400 680- 7,500 2400 680- 7,500 
23 Oct. 1 16,000 6400-58,000 1700 430-4900 
2S 630 210-1500 130 35-30 
2B 330 110-930 230 70-700 
23 Dec. 1 3500 1200-10,000 2400 680-7500 
2S 1700 430-4900 70 10-170 
2B 1300 350-3000 22 7-67 
31 Jan. 1 1100 310-2500 220 170-670 
2S 490 170-1300 230 70-700 
2B 2800 900-8500 220 57-700 
27 Feb. 1 9200 3000-32,000 46 16-120 
2S 79 25-190 17 5-46 
2B 9200 3000-32,000 940 280-2,200 
31 Mar. 1 5400 1300-14,000 2200 570-7,000 
2S 5 <0.5-13 0 
2B 140 40-340 110 20-250 
25 April 1 
2S 
5400 1800-14,000 1600 640-5800 
2B 790 250-1900 540 180-1400 
31 May 1 350 120-1000 130 44-50 
2S 22 70-67 13 3-31 
2B 14 4-34 17 5-46 
23 June . 1 >24,000 >24,000 
2S 27 9-80 27 9-80 
2B >24,000 16,000 6400-58,000 
wind driven currents, throughly mixing the water column. There is no 
density difference within the water column at this time unless there is 
a source of inflowing water greater in density due to higher TDS. Surface 
heating in the spring divides the lake into an upper region, the epilimnion, 
of more or less uniform warm, circulating, and fairly turbulent water, and 
a cool, dense, relatively undisturbed bottom region termed the hypolimnion 
(Hutchinson 1957). The area of rapidly decreasing temperatures separating 
the epilimnion from the hypolimnion is known as the thermocline or 
metalimnion. Because of the rapidly decreasing temperatures this represents 
an area where there is a marked increase in water density. 
The important facts to take into account that are related to the 
distribution of the density current are: (1) during the winter the entire 
water column is in a state of circulation or mixing; (2) the epilimnion 
during summer stratification has uniform water temperatures and is contin-
uously circulating; and, (3) hypolimnetic waters have a greater density due 
to cooler water temperatures. For a further discussion on the thermal 
properties of lakes see Hutchinson (1957) and Cole (1975). 
Conductivity measurements and water temperatures in Las Vegas Wash 
Station 1 and in Las Vegas Bay Stations 2 and 3 for August 1976 through 
July 1977 are given in Tables 5 and 6, respectively. Conductivity is a 
measure of the ionic strength of water and is directly related to TDS, 
although the values are not equivalent. 
The higher conductivity values at Station 2 shown in Table 5 indicate 
the location of the density current from Las Vegas Wash. At Station 2 
Table S. Specific conductivity (micromhos/cm) at Las Vegas Wash (Station 1) and in Las Vegas Bay (Stations 2 and 3) 
August 1976 through July 1977. 
Aug. 1976 Sept. 1976 Oct. 1976 
Depth 
(M) Sta. 1 Sta. 2 Sta. 3 Sta. 1 Sta. 2 Sta. 3 Sta. 1 Sta. 2 Sta. 3 
0 3600 1100 1100 3500 1000 1100 3500 1200 1100 
5 1100 1100 1000 1100 1200 1100 
10 1900 1100 1800 1100 2000 1100 
15 J 3 5 0 1100 1100 
20 1100 *1200 1100 
25 1100 1100 +1200 
30 1100 1100 1250 
35 1100 1100 1150 
40 1100 1100 1100 
Bot 1100 1100 1100 
Nov. 1976 Dec. 1976 Jan. 1977 
Depth 
Sta. 1 Sta. 2 Sta. (M) Sta. 1 Sta. 2 Sta. 3 Sta. 1 Sta. 2 Sta. 3 3 
0 3100 1100 1100 3000 1100 1100 3000 1100 1100 
5 1100 1100 1100 1100 1100 1100 
10 1100 1100 1100 1100 1100 1100 
15 1900 1100 1900 1100 1900 1100 
20 1100 1100 1100 
25 1100 1100 1100 
30 1100 1100 1100 
35 1100 1100 1100 
40 1100 1100 1100 
45 1200 1250 1100 
Bot 1250 1250 1400 
Tab le 2. ( c o n t i n u e d ) 
Depth 
(M) 
0 
5 
10 
15 
20 
25 
30 
35 
40 
Bot 
Feb. 1977 
Sta. 1 Sta. 2 
3100 1100 
1100 
1100 
1900 
Sta. 3 
1100 
1100 
1100 
1100 
1100 
1100 
1100 
1100 
1100 
1100 
Mar. 1977 
Sta. 1 Sta. 2 
3700 1100 
1100 
1100 
2200 
May 1977 June 1977 
Depth 
(M) Sta. 1 Sta. 2 Sta. 3 Sta. 1 Sta. 
0 3600 1200 1200 3500 1100 
5 1200 1200 2000 
10 2000 J 200 1900 
15 1200 
20 1200 
25 1200 
30 1200 
35 1200 
40 1200 
Bot 1200 
* Location of the greatest thermal gradient 
Sta. 3 
April 1977 
Sta. 1 Sta. 2 Sta. 3 
1100 3800 1100 1100 
1100 1600 *1100 
1100 1100 1100 
1100 2500 1100 
1100 1100 
1100 1100 
1100 1100 
1100 1200 
1100 1200 
1600 1200 
July 1977 
Sta. 3 Sta. 1 Sta. 2 Sta. 3 
1050 3500 1250 1100 
1050 1200 1100 
+1050 1900 1100 
1150 1200 
1100 *1100 
1100 1100 
1050 1100 
1050 1100 
1050 1100 
1050 1050 
Table 6. Water temperatures (°C) at Las Vegas Wash (Station 1) and Las Vegas Bay (Stations 2 and 3) 
August 1976 through July 1977 -
Aug. 1976 Sept. 1976 Oct. 1976 
Depth 
(M) Sta. 1 Sta. 2 Sta. 3 Sta. 1 Sta. 2 Sta. 3 Sta. 1 Sta. 
0 22.0 26.0 26.0 21.0 25.0 25.5 15.0 20.5 
5 25.5 25.5 24.5 25.0 20.5 
10 24.0 25.0 22.5 25.0 18.0 
15 *23.0 25.0 
20 19.5 *22.5 
25 17.5 20.0 
30 16.0 18.0 
35 15.0 16.5 
40 14.5 15.0 
Bot 13.5 14.5 
20.5 
20.5 
20.5 
20.5 
20.5 
,20.5 
17.5 
15.5 
14.5 
14.0 
Depth 
(M) 
Nov. 1976 
Sta. 1 Sta. 2 Sta. 3 
Dec. 1976 
Sta. 1 Sta. 2 Sta. 3 
Jan. 
Sta. 1 
1977 
Sta. 2 Sta. 
0 8.5 15.5 16.0 7.5 12.5 13.5 8.5 12.0 12.5 
5 15.5 16.0 12.5 13.5 11.5 12.5 
10 15.5 16.0 12.5 13.5 11.5 12.5 
15 12.0 16.0 10.0 13.5 10.5 12.5 
20 16.0 13.5 12.5 
25 16.0 13.5 12.5 
30 16.0 13.5 12.0 
35 16.0 13.5 12.0 
40 16.0 13.5 12.0 
45 15.0 12.5 12.0 
Bot 15.0 12.5 12.0 
Tab le 2. ( c o n t i n u e d ) 
Feb. 1977 Mar. 1977 
Depth 
(M) Sta. 1 Sta. 2 Sta. 3 Sta. 1 Sta. 
0 10.0 12.0 12.0 12.0 12.5 
5 12.0 12.0 12.5 
10 12.0 12.0 12.5 
15 11.0 12.0 12.5 
20 12.0 
25 12.0 
30 12.0 
35 12.0 
40 12.0 
Bot 12.0 
May 1977 June 1977 
Depth 
(M) Sta. 1 Sta. 2 Sta. 3 Sta. 1 Sta. 
0 21.0 17.5 17.5 23.0 25.5 
5 17.0 17.0 25.0 
10 16.0 J 7 . 0 21.5 
15 15.0 
20 14.5 
25 14.0 
30 13.0 
35 12.5 
40 12.5 
Bot 12.0 
* Location of the greatest thermal gradient 
April 1977 
Sta. 3 Sta. 1 Sta. 2 Sta. 3 
12.5 21.0 20.0 *20.5 
12.5 20.0 17.5 
12.5 16.0 15.5 
12.5 14.0 15.0 
12.5 14.0 
12.5 13.5 
12.5 13.0 
12.5 13.0 
12.5 13.0 
13.0 13.0 
July 1977 
Sta. 3 Sta. 1 Sta. 2 Sta. 3 
26.5 26.0 27.5 28.5 
25.5 27.0 28.0 
*23.0 26.0 27.0 
18.5 26.0 
16.0 +22.5 
15.5 17.0 
14.5 16.0 
13.5 14.5 
13.0 13.5 
13.0 13.0 
the density current was always located on the bottom except in April 1977 
when two currents were found (5 meters and bottom). Thermal stratification 
normally does not develop at Station 2 because of the shallow depth and, 
therefore, the lake water at this station has a uniform density. The 
density of the Las Vegas Wash water, because of the high levels of TDS, 
has a greater density than the lake water at Station 2 and, therefore, 
flows along the bottom. In April 1977, thermal stratification did develop 
at Station 2. At this time water temperatures in Las Vegas Wash increased 
from 12°C in March to 21°C in April decreasing the density of the LVW water. 
The decreased density of the Las Vegas Wash water and the development 
of thermal stratification at Station 2 resulted in part of the density 
current becoming located at 5 meters. In May, thermal stratification no 
longer occurred at Station 2 and the entire density current was again 
located on the bottom. 
In the winter and early spring (November-March) the density current 
remains on the bottom and is detected at Station 3. At this time, water 
temperatures in Las Vegas Bay are isothermal and the water has a uniform 
density throughout the water column. The water from Las Vegas Wash is 
denser than the Las Vegas Bay water because of its low temperatures (8-12°C) 
and high TDS and, therefore, remained on the bottom as is shown in Table 5 
with high conductivity levels occurring at the bottom. As explained 
earlier, winter isothermal conditions in the lake results in constant 
circulation and, therefore, the density current is continuously subjected 
to the mixing actions in the lake which mix and dilute the density current. 
For this reason, the density current is not detected much past Station 3. 
The density current has never been detected at Station 4 because of 
complete mixing within Las Vegas Bay. 
Examining conductivity measurements at Station 3 for the summer 
months, June through October (Table 5), reveals that the density current 
is located in the epilimnion or at the thermocline and not on the bottom. 
Water temperatures in Las Vegas Wash increased from 12°C in March to over 
20° during the summer months decreasing the density of the Las Vegas Wash 
water. This plus the dilution of the density current (approximately 2:1) 
in the inner bay results in the density current being less dense than the 
cool, dense water of the hypolimnion. The density current, at this time, 
seeking an area of equal density, flows out along the thermocline. Again, the 
density current is continuously being subjected to mixing because of 
the circulation or mixing in the epilimnion and, therefore, becomes 
completely mixed within Las Vegas Bay. April 1977 was the only time when 
part of the density current remained on the bottom and was found on the 
bottom at Station 3 because of thermal stratification occurrina at Station 
2. In May 1977, the density current was not detected at Station 3, 
indicating complete mixing prior to reaching that area. Figure 3 illustrates 
the generalized circulation patterns in Las Vegas Bay and the distribution 
of the Las Vegas Wash density current during the winter and summer periods. 
In September through November, surface water temperatures in Las Vegas 
Bay cool, resulting in mixing and uniform epilimnetic water temperatures 
occurring to a greater depth (Table 6). The density current again seeking 
an area of equal density descends with the falling thermocline (Table 5). 
Figure 3. Generalization of the circulation patterns and the distribution of the Las Vegas Mash density 
current during winter isothermal conditions and summer stratification. 
The density current is still subjected to the mixing actions of the 
lake, at this time, and is continuously being mixed. 
The only situation which would allow the density current to flow 
through Las Vegas Bay and on to Hoover Dam, as has been proposed by 
Vern Bostick, is if the density current penetrated the hypolimnion and 
remained on the bottom during summer stratification. The hypolimnion is 
a relatively undisturbed area with very little mixing occurring. If the 
density current was located in the hypolimnion, minimal mixing of the 
current would occur and the current would follow the old river channel 
to Hoover Dam. This does not occur, as is evident from the data presented 
in Table 5, because the density current cannot penetrate the hypolimnion. 
The density current throughout the year, winter or summer, is always being 
subjected to mixing and dissipates within Las Vegas Bay. This is not to 
say that there is not a general distribution of Las Vegas Bay water into 
Boulder Basin but that there is not a Las Vegas Mash density current that 
flows through Las Vegas Bay to Hoover Dam. 
These data have been substantiated with a dye study conducted in the 
inner bay and with bacterial tracers (Tew et a^. 1976). The dye study 
presented in the 1976 report has been highly misquoted and misused. The 
density current was traced with Rhodamine Wt dye in the inner bay. Data from 
the dye study substantiated that the higher conductivity measurements found 
at the bottom of Station 2 were due to a density current which had a velocity 
of approximately 0.2 ft/sec. The density current within the reach between 
the estuary and Station 2 retained a fairly tight identity, being diluted by 
only a factor of 2:1. The dye was traced past Station 2 to the Las Vegas 
Bay Marina area where the dye and the desntiy current became suspended 
within the water column at the thermocline identical to the results seen 
with the conductivity measurements. It was not possible to trace the current 
any further because of dilution of the dye within this area and because of 
the decreased velocity of the current. Tew et a^. (1976) using indigenous 
Las Vegas Wash bacteria showed that the indigenous bacteria are distributed 
throughout the water column in Boulder Basin indicating complete mixing of 
the density current in Las Vegas Bay. This would be expected on the basis of 
the conductivity data we have accumulated. 
Phytoplankton and Chlorophyll 
The dominant phytoplankton organisms found at Station 2-4 are given in 
Table 7. Successional patterns were similar to those seen in previous 
years. As before, diatom pulses occurred in the spring and fall with 
blue-green algae dominance occurring in the summer. Chroomonas and 
Cryptomonas (Cryptophyceae), which were of little importance in previous 
years, were dominant in the winter and numerous throughout the year, 
reflecting some change in the phytoplankton community. 
Generally, phytoplankton numbers and chlorophyll ^concentrations 
(Table 8) were lower than in previous years, showing improved conditions. 
Chlorophyll ^concentrations in the inner bay have declined almost linearly 
since 1972 with increased water levels in Lake Mead (Figure 4). Chlorophyll 
^concentrations in April were used because peak concentrations usually occur 
at this time (p. 34, Deacon 1976). In April 1977, peak chlorophyll ^concen-
trations were at a level which would be expected if the relationship between 
Table 7. Dominant phytoplankton in Las V^gas Bay September 1976 - May 1977. 
Date Station 2 #/m! Station 3 #/ml Station 4 
28 Sept. 76 
28 Oct. 76 
30 Nov. 76 
28 Dec. 76 
31 Jan. 77 
Raphidiopsis 9613 
Flagellates 5540 
Cryptomonas 631 
Peridinium 448 
Total 17,801 
Dactylococcopsis 1022 
Flagellates 264 
Cyclotella 264 
Oscillatoria 264 
Total 2,900 
Cyclotella 967 
Oscillatoria 499 
Raphidiopsis 360 
Cryptomonas 360 
Total 4,247 
Cyclotella 159 
Chroomonas 159 
Cryptomonas 132 
Carteria 26 
Total 603 
Cryptomonas 69 
Synedra 23 
Total 92 
Raphidiopsis 
Flagellates 
Oscillatoria 
Cyclotella 
Total 
7545 
2824 
843 
485 
13,509 
Dactylococcopsis 4183 
Centricdiatoms 2642 
Carteria 
Cyanophytan 
Total 
Cyclotella 
Cryptomonas 
Raphidiopsis 
Scenedesmus 
Total 
Chroomonas 
Cyclotella 
Total 
1497 
1233 
11,404 
571 
326 
299 
109 
1,691 
292 
202 
495 
Cryptomonas 186 
Chroomonas 83 
Carteria 21 
Dictyosphaerium 21 
Total 331 
Raphidiopsis 
Flagellates 
Oscillatoria 
Anabaenopsis 
Total 
12994 
3527 
1718 
573 
19,777 
Dactylococcopsis 4905 
Cyclotella 
Cyanophytan 
Anabaenopsis 
Total 
Cyclotella 
Cryptomonas 
Chroomonas 
Raphidiopsis 
Total 
Cyclotella 
Chroomonas 
Cryptomonas 
Gymnodinium 
Total 
Cryptomonas 
Chroomonas 
Oocystis 
Total 
2061 
726 
406 
8,968 
1293 
337 
167 
141 
2,332 
247 
180 
45 
22 
517 
134 
134 
27 
295 
25 Feb. 77 Chroomonas 269 Chroomonas 463 Chroomonas 89 
Cryptomonas 73 Cryptomonas 93 Cryptomonas 45 
Lagerheimia 24 Synedra 23 Carteria 45 
Navicula 24 Total 579 Synedra 22 
Total 392 Total 223 
29 Mar. 77 Asterionella 4092 Asterionella 1062 Chroomonas 1129 
Chroomonas 447 Chroomonas 247 Cryptomonas 791 
Cryptomonas 89 Cryptomonas 123 Total 1,918 
Carteria 45 Chlamydomonas 25 
Total 4,673 Total 1,516 
25 Apr. 77 Fragilaria 1755 Fragilaria 3195 Fragilaria 3892 
Chlamydomanas 231 Carteria 86 Melosira 214 
Asterionella 212 Chroomonas 65 Chroomonas 136 
Melosira 154 Chlamydomonas 43 Cryptomonas 58 
Total 2,657 Total 3,659 Total 4,321 
Table 7. (continued) 
Date Station 2 f/ml Station 3 #/ml Station 4 ?/ml 
18 May 77 Fragilaria 613 Fragilaria 845 Chroomonas 104 
Chlamydomonas 353 Ceratium 254 Cryptomonas 78 
Cryptomonas 130 Cryptomonas 225 Fragilaria 52 
Carteria 56 Flagellates 225 Oocystis 52 
Total 1,350 Total 2,057 Total 390 
31 May 77 Aphanocapsa 1157 G1enodinium 150 Aphanocapsa 990 
Chroomonas 222 Melosira 150 Chroomonas 110 
Cryptomonas 74 Chroomonas 113 Cryptomonas 55 
Glenodinium 49 Cyclotella 113 Sphaerocystis 37 
Total 1,614 Total 810 Total 1,256 
Table 8. Chlorophyll ^concentrations in Las Vegas Bay Station 2-4, 
August 1976 - June 1977. 
Date 
19 Aug. 
28 Sept. 
28 Oct. 
30 Nov. 
28 Dec. 
31 Jan. 
25 Feb. 
29 Mar. 
25 Apr. 
18 May 
31 May 
10 June 
21 June 
Sta. 2 
19.51 
11.85 
14.25 
7.28 
1.68 
1.70 
1.48 
3.74 
7.76 
4.09 
1.95 
32.23 
6.21 
Sta. 3 
8.09 
8.11 
9.05 
2.46 
0.87 
1.99 
2.34 
2.61 
5.99 
2.71 
0.31 
2.85 
1.63 
Sta. 4 
7.98 
5.59 
1.91 
1.20 
1.37 
4.72 
5.06 
1.31 
1.28 
1.73 
1.45 
37. 
Figure 4. A comparison of chlorophyll a concentration (ug/1) at Station 2 
in April 1972 through 1977 and lake elevations. Lake elevations 
are mean values for February through April. Chlorophyll a and 
lake elevation for June 1977 are also shown. 
chlorophyll and lake elevation was real. There was a very rapid draw 
down of water from Lake Mead in 1977 with lake elevations declining 10 feet 
between March and June. In 1972-76 spring draw down was never more than 
5 feet. Coincidental with this rapid draw down in 1977, were very high 
chlorophyll concentrations occurring in June. Chlorophyll concentrations 
in June in previous years were always at their lowest levels for the 
spring-summer periods. The high levels seen in June 1977 represent a 
marked change in the general pattern. Although there are a number of 
factors that may have been responsible for the high chlorophyll concen-
trations found in June 1977, decreased water levels must be suspected as 
a major factor. Chlorophyll or phytoplankton biomass does tend to 
correspond with changes in lake elevations both on a yearly basis and 
after a rapid draw down, supporting the hypothesis that the improved 
conditions that are occurring in Las Vegas Bay and Boulder Basin are the 
result of nutrient dilution from higher water levels. To partially 
substantiate this it will be necessary to see winter and early spring 
water levels at the 1160-1170 foot level.' If chlorophyll concentrations 
rise to the expected levels this hypothesis will be strongly supported. 
Nutrient loading from Las Vegas Wash has increased since 1972, while 
algal growth has declined apparently due to higher water levels and dilution 
of the Las Vegas Wash water. If, in fact, higher water levels do prove 
to be responsible for the improved conditions in Las Vegas Bay, maintaining 
high water levels in Lake Mead would be of importance in regulating algal 
growth in Las Vegas Bay as well as nutrient removal. Under these conditions, 
nutrient removal would be the only means of regulating algal growth 
during low water periods. 
Primary Productivity 
Primary productivity estimations for Las Vegas Bay are given in Table 9. 
Algal productivity was generally lower in Las Vegas Bay than in previous 
years as were other phytoplankton measurements (phytoplankton counts and 
chlorophyll aj again indicating improved conditions. At times, during 
fall, winter, and spring, productivity was higher in the middle and outer 
bay (Stations 3 and 4) than at the inner bay (Station 2). 
Calculating primary productivity rates using langleys as Dr. Goldman 
had suggested, rather than using total day length, did substantially 
reduce the estimations except in June (Table 10). Therefore, results 
reported previously are overestimated. Although previous results have 
been overestimated, they are of value for comparative purposes. For 
instance, they do show that there has been a reduction in productivity 
over the past few years. 
Horizontal Distribution of Chlorophyll 
Continuous horizontal transects of Las Vegas Bay (10 June), Las Vegas 
Bay, Boulder Basin, Virgin Basin (22 June), and Lake Mohave (5-6 July) were 
made with a Martek Transmissometer. Alpha was calculated from the trans-
missivity date. Chlorophyll a^was highly correlated with alpha: 
Chi. a = -6.886 + 6.456 (Alpha) 
r = 0.94 
The relationship was linear for alpha values greater than 1 and alpha was 
2 
Table 9. Estimated primary productivity (mg/m /day) in Las Vegas Bay. 
Calculations based on total day length. 
Station 
Date 2 3 4 
6 Aug 76 4334 3820 1796 
28 Sept. 76 2738 3449 1872 
28 Oct 76 2496 2867 2361 
30 Nov. 76 2158 1879 1523 
28 Dec. 76 289 513 310 
31 Jan 77 329 835 712 
25 Feb 77 2769 1606 
29 Mar 77 1882 2555 2016 
26 April 77 7435 2312 2215 
31 May 77 3236 2794 1758 
23 June 77 4076 2229 1453 
27 July 77 11,150 6310 1634 
p 
Table 10. Comparison of primary productivity estimations (mgC/m /day) using 
total day length and langleys (in parentheses). 
Date 
Station 
2 
29 March 77 
26 April 77 
31 May 77 
23 June 77 
1882 (994) 2555 (1077) 
7435 (5423) 2312 (1596) 
3236 (2495) 2794 (2154) 
4076 (5428) 2229 (2334) 
2016 (1083) 
2215 (1328) 
1758 (1072) 
1453 (1037) 
considered as a quantitative measure of chlorophyll or phytoplankton 
(Figure 5). Other investigators have also found high correlations with 
phytoplankton fluorescence (Kiefer and Austin 1974), chlorophyll a^ , phy-
toplankton cell volume, and suspended solids (Baker and Baker 1976). 
Figure 6 shows alpha isopleths of Las Vegas Bay on 10 June 1977. 
Alpha values of 7 and 1 are equal to chlorophyll a^  concentrations of 38 and 
< 1 ug/1, respectively. The isopleths show the general patterns which were 
found but no attempt was made to illustrate the extreme patchiness seen in 
some areas. Chlorophyll a^  concentrations were highest in the inner bay 
but there was a very rapid decline in chlorophyll in the inner bay and 
a gradual decline in the middle and outer bay. The alpha values illustrate 
that the major effects of nutrient input from Las Vegas Wash are within 
the inner bay and that the middle and outer bay are only moderately affected. 
Alpha values or phytoplankton concentrations were higher in the shallow 
areas of coves as would be expected due to bank erosions and sediment 
exchange of nutrients. 
A single transect of Las Vegas Bay made on 22 June (Figure 7) showed 
that there was a marked decline in chlorophyll in the inner bay, with con-
centrations in the middle and outer bay remaining at approximately the same 
levels. In Boulder Basin the highest chlorophyll levels were found off 
Saddle Island. The higher value found in this area may have been due to 
Boulder Harbor or they may reflect the general circulation pattern of water 
from Las Vegas Bay. Chlorophyll levels declined throughout the upper 
areas of Boulder Basin, Boulder Canyon, and Virgin Basin, showing the 
decreased fertility of the water in those areas. 
A L P H A 
Figure 5. Linear regression of chlorophyll a (pg/1) on alpha. 
Figure 6. Alpha isopleths of Las Vegas Bay on 10 June 1977. 
Figure 7. Alpha values found in Las Vegas Bay, Boulder Basin and Virgin Basins 22 June 1977. 
U1 
Alpha values found in Lake Mohave revealed high chlorophyll a 
concentrations in El Dorado Canyon below Willow Beach (Figure 9). 
Chlorophyll a concentrations were highest at Mile 15 where the cold 
river water encountered the warm water in Lake Mohave. Water temperatures 
in this area increased from 14°C to 20°C. Increased phytoplankton growth 
occurred because of the fertility of the water being discharged from the 
hypolimnion of Lake Mead. This does not suggest that the density current 
from Las Vegas Wash is being discharged through Hoover Dam but that the 
hypolimnetic waters of Lake Mead are fertile. The autumnal algal pulse 
in Boulder Basin occurs for this same reason when nutrients from the 
hypolimnion are recirculated during fall overturn. 
Total phosphorus and nitrite-nitrate nitrogen concentrations in the 
river in June were 23 ug/1 and 351 ug/1, respectively. Even at these 
nutrient levels it can be seen that phytoplankton growth in El Dorado 
Canyon was as high as that occurring in the inner portion of Las Vegas 
Bay on 10 June. Phytoplankton growth has declined in Las Vegas Bay and 
Boulder Basin over the past few years and in July phytoplankton growth 
in most of Lake Mohave was greater than that in Las Vegas Bay and Boulder 
Basin. Although eutrophic conditions do occur in the inner portion of 
Las Vegas Bay due to nutrient enrichment from Las Vegas Wash, conditions 
are not more extreme than those occurring in Lake Mohave at the present 
time. Nutrient enrichment from Las Vegas Wash may be affecting conditions 
in Lake Mohave, not directly as a density current from Las Vegas Wash 
flowing through Boulder Basin and into Lake Mohave but indirectly by 
increasing hypolimnetic nutrient concentrations in Boulder Basin. The 
Figure 8. Alpha values found in Lake Mohave 5-6 July 1977. 
hypolimnetic nutrient concentrations are probably being increased as 
a result of the phytoplankton rain from epilimnetic waters during spring, 
summer, and fall. 
Bioassays 
Results from the algal bioassays conducted on water collected from 
Las Vegas Bay (Station 2) and Boulder Basin (Station 6) are summarized 
in Table 11. In the spring (April and May), the greatest growth occurred 
at both stations with the higher concentration of nitrogen and phosphorus 
added in combination. Phosphorus and nitrogen added separately did 
stimulate growth at the lower concentrations but were inhibitory at the 
higher concentrations. The increased growth with the combined phosphorus 
and nitrogen addition indicates that both phosphorous and nitrogen were 
limiting at that time. In June, nitrogen addition alone resulted in the 
greatest growth at both stations indicating nitrogen limitation. All 
nutrient additions had inhibitory effects on water collected from Station 
2 on 20 July. The addition of minor elements did not stimulate growth 
in any of the bioassays and, therefore, were apparently not limiting. The 
results from these experiments tend to support previous reports that 
nitrogen is the most likely limiting nutrient and that both nitrogen and 
phosphorus may be limiting at times (Deacon 1976; Goldman 1976). 
An algal bioassay was conducted on water collected from Boulder Basin 
on 15 February. Las Vegas Wash water and a complete media (EPA 1971) with 
various concentrations of phosphorus were used for nutrient enrichment. 
49. 
Table 11. Effects of phosphorus (PO.-P) and nitrogen (N0-.-N) addition on algal 
growth. Results are final fluorescence values. 
Station 2 Station 6 
Treatment 20 April 77 10 June 77 20 July 77 27 May 77 23 June 77 
1. Control 71.7 28.6 49.0* 35.6 26.0 
2. 0.005 mg/lP 76.0 30.7 47.0 37.0 22.7 
3. 0.015 mg/lP 80.7 30.7 46.0 39.3 25.7 
4. 0.050 mg/lP 75.3 31.7 44.6 38.0 26.0 
5. 0.015 mg/lN 83.3 32.0 44.0 34.0 23.7 
6. 0.050 mg/lN 72.3 31.7 41.0 42.3 32.3* 
7. 0.150mg/lN 58.3 32.3* 43.7 43.0 25.3 
a 0.005 mg/lP 
0.015 mg/lN 67.0 31.7 40.0 41.7 31.0 
q 0.015 mg/lP 
0 . 0 5 0 m g / l N 8 1 . 6 3 2 . 0 36.7 39.3 27.3 
0.050 mg/lP 
0.150 mg/lN 84.3* 31.7 35.7 46.3* 23.3 
0.050 mg.lP 
11. 0.150 mg/lN 77.3 31.3 35.3 38.0 26.3 
Minor elements 
* Greatest growth 
A nitrogen concentration of 10 mg/1 was used in the complete media. 
The purpose of the experiment was to determine what effects phosphorus 
removal, in relation to the proposed standards, would have on phytoplankton 
growth. The complete media with 4 different concentrations of phosphorus 
(4.5, 1.0, 0.5 and 0.25 mg/1) and Las Vegas Mash water filtered through 0.45 
u Millipore filters were added to Boulder Basin water as shown in Table 12. 
The phosphorus level of 4.5 mg/1 and the nitrogen level of 10 mg/1 were 
approximately those found in Las Vegas Mash water. 
Las Vegas Mash water (Treatments 2 and 3) did substantially increase 
algal growth (Fig. 9). The complete media containing phosphorus and 
nitrogen concentrations similar to the Las Vegas Mash water (Treatments 
4 and 5) did not approach the fertility of the Las Vegas Mash water and, 
therefore, inferences made concerning the reduced phosphorus levels are 
questionable. The extreme fertility of the Las Vegas Mash water was due 
to some other element not present in the complete media or, more likely, 
to the high ammonia nitrogen concentrations (2.22 mg/1) in the Las Vegas 
Mash water, which would have been more readily used by the phytoplankton. 
Reduced phosphorus concentrations did result in lower algal growth 
(Treatment 6-11) and does indicate that lower algal growth would occur 
with reduced phosphorus levels. However, we cannot predict the amount of 
reduced algal growth in relation to the proposed standard of 0.5 mg/1 
based on these data. If reduced phosphorus levels in the complete media 
Table 12. T r e a t m e n t s u s e d In b i o a s s - y . T h r e e r e p l i c a t e f l a s k s 
c o n t a i n i n g 400 ml of lake w a t e r w e r e used for each 
t r e a t m e n t . Lake w a t e r c o l l e c t e d from S t a t i o n 6 
B o u l d e r B a s i n , 15 F e b r u a r y 1 9 7 7 . 
T R E A T M E N T S 
1 . L a k e M a t e r C o n t r o l 
2 . L a k e W a t e r + 4 ml LVM M a t e r 
3 . L a k e M a t e r + 40 ml LVM M a t e r 
4 . Lake M a t e r + 4 ml C o m p l e t e M e d i a ( 4 . 5 mg P/l + 10 mg N / 1 ) 
5 . L a k e M a t e r + 40 ml C o m p l e t e M e d i a (4 .5 mg P/l + 10 mg N / 1 ) 
6 . Lake M a t e r + 4 ml C o m p l e t e M e d i a ( 1 . 0 mg P/l + 10 mg N / 1 ) 
7 . L a k e M a t e r + 40 ml C o m p l e t e M e d i a (1 .0 mg P/l + 10 mg N / 1 ) 
8 . L a k e M a t e r + 4 ml C o m p l e t e M e d i a (0. 5 mg P/1 + 10 mg N / 1 ) 
9 . L a k e M a t e r + 40 ml C o m p l e t e M e d i a (0 .5 mg P/l + 10 mo N / 1 ) 
1 0 . L a k e W a t e r + 4 ml C o m p l e t e M e d i a ( 0 . 25 mg P/l + 10 ma N / 1 ) 
11 . Lake M a t e r + 40 ml C o m p l e t e M e d i a (0 .25 mg P/ 1 + 10 mg N / 1 ) 
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Figure 9. Results of nutrient enrichment experiment using Las Vegas Wash " 
water and a complete media with decreasing phosphorus concentrations. 
Lake water collected from Boulder Basin (Station 6) 15 February 77. 
are indicative of the effects of reducing the phosphorus levels 
in Las Vegas Wash, a substantial reduction in algal growth would occur 
in Las Vegas Bay (Treatments 9, Fig. 9). 
Additional bioassays are needed to adequately determine limiting 
nutrients and predict effects of reducing phosphorus levels in Las 
Vegas Wash. 
54. 
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